To examine the clinical significance of ST-T isopotential maps, 87-lead body surface mapping was performed after treadmill exercise in 21 patients with efort angina pectoris, single-vessel disease, and normal ST-T waves on the resting electrocardiogram. Single-vessel disease was found in the left anterior descending artery (LAD) (nine patients), in the right coronary artery (RCA) (seven patients), and in the left circumflex artery (LCx) (five patients). At 40 msec after the J point, the isopotential maps showed the site of the minimum to be in the left anterior chest in all patients. According to the changes in the position of the minimum from the ST segment to the T wave, postexercise maps were classified into four types. Type A maps (n=8) were characterized by the persistence of the minimum in the left anterior chest until its negativity decreased and until it became less negative than another minimum that subsequently appeared in a different position. Type B maps (n =6) were characterized by the gradual movement of the minimum toward the lower thoracic surface. Type C maps (n=5) 
To examine the clinical significance of ST-T isopotential maps, 87-lead body surface mapping was performed after treadmill exercise in 21 patients with efort angina pectoris, single-vessel disease, and normal ST-T waves on the resting electrocardiogram. Single-vessel disease was found in the left anterior descending artery (LAD) (nine patients), in the right coronary artery (RCA) (seven patients), and in the left circumflex artery (LCx) (five patients). At 40 msec after the J point, the isopotential maps showed the site of the minimum to be in the left anterior chest in all patients. According to the changes in the position of the minimum from the ST segment to the T wave, postexercise maps were classified into four types. Type A maps (n=8) were characterized by the persistence of the minimum in the left anterior chest until its negativity decreased and until it became less negative than another minimum that subsequently appeared in a different position. Type B maps (n =6) were characterized by the gradual movement of the minimum toward the lower thoracic surface. Type C maps (n=5) were characterized by the gradual movement of the minimum to the left upper direction and then to ST segment elevation, 4) no ECG evidence of myocardial infarction, intraventricular conduction disturbances, or preexcitation syndrome, 5) coronary artery narrowing 70% or more of luminal diameter in at least one of the three major arteries, and 6) no valvular, myocardial, or congenital heart disease. Of the 97 patients, 32 were selected because they had a narrowing of 70% or more in only one coronary artery. Of these 32 patients, 11 were excluded because their resting ECGs showed ST-T wave abnormalities such as ST segment depression or an inverted or flat T wave.
The final study population consisted of 21 patients (17 men and four women, 41-69 years old). Four patients had increased left ventricular voltage (SV1 +RV5 or RV6>3.5 mV), but no patient showed any other ECG abnormalities. Nine patients had single-vessel disease of the left anterior descending artery (LAD), seven had single-vessel disease of the right coronary artery (RCA), and five had singlevessel disease of the left circumflex artery (LCx). The control group consisted of 20 normal volunteers (all men, aged 24-44 years). None had a history of cardiac disorders or systemic arterial hypertension, and all had normal physical and ECG findings. None of the normal subjects had undergone coronary arteriography. Informed consent was given by all subjects before the study.
Body Surface Mapping and Treadmill

Exercise Testing
Graded treadmill exercise tests were performed according to the Bruce protocol. All medication was stopped at least 24 hours before testing. Eightyseven-lead ECG mapping was performed by means of a previously described technique5,6 before and 1.5 minutes after exercise. We did not perform body surface mapping during exercise because of the difficulty of obtaining noiseless data. Body surface mapping was performed with the HPM-5100 system (Chunichi Denshi, Nagoya, Japan).7 Eighty-seven electrodes were placed along the nine columns (A to I) on the anterior chest and four columns (J to M) on the back. Lines A, E, and I were on the right midaxillary, midsternal, and left midaxillary lines, respectively. Lead points E6 and E4 were located on the level of the second and fifth intercostal spaces, respectively. The The isopotential maps were constructed at 4-msec intervals from the 40 msec after the J point to the end of the T wave before and after exercise. The time instants of the J point and of the T wave offset were identified by visual analysis from edited Frank X, Y, and Z leads, which were recorded simultaneously with the 87-lead ECGs. The site of maximal ST segment depression after exercise was defined as the site of the minimum in the isopotential map at 40 msec after the J point.
In every map format (see Figure 1) , the left part reflects the anterior chest, the right part reflects the back, and the dotted area represents the positive potential area. The increment of the isopotential line in every map is 0.1 mV. The time after the J point is shown on the left upper position and the waveform of lead G4 is displayed on the left middle position. The plus sign (+) indicates the site of the maximum, and the minus sign (-) indicates the site of the minimum. The less positive or less negative sites in maps having multiple maxima or minima are shown by smaller plus or minus signs, respectively. A closed circle in a map indicates the site of the minimum at 40 msec after the J point. An arrow between the closed circle and the minus sign shows the trajectory of the minimum from 40 msec after the J point.
Results
Normal Subjects
The maps from a representative subject (27-year-old man) are shown in Figure 1 . In preexercise and postexercise maps, the upper, middle, and lower panels represent isopotential maps of the early, mid, and terminal phases of the T wave, respectively. All maps show bipolar potential distributions with positive values located over the precordium and negative values over the right upper anterior chest and upper back. In all healthy subjects, both preexercise and postexercise T maps consistently showed this pattern.
Patients Table 1 shows the patient characteristics and map findings of both preexercise and postexercise conditions. In one patient (case 9), the isopotential maps during the ST-T wave at rest were different from those of the control subjects and were judged to be abnormal. This patient had a negative potential area with a minimum in the lower anterior chest in the middle phase of the T wave. This patient had single-vessel disease of the RCA. Figure 2 shows the site of maximal ST segment depression after exercise in all patients. Regardless of which coronary artery is diseased, the location of the maximal ST segment depression was found in the limited region of the left anterior chest. In other words, the site of the minimum in the isopotential map at 40 msec after the J point existed in the left anterior chest in all patients. The similarity of the sites made diagnosis of the diseased coronary artery difficult. This finding is in accordance with that of previous studies. 2, 3 According to the changes in the position and the voltage of the minimum from the ST segment to the T wave, postexercise ST Figure 3 . At 40 msec after the J point, the single minimum was located at lead G4. This precordial minimum continued to stay at the same site until it disappeared. At 112 msec, the voltage of this minimum became less negative than that of another minimum that subsequently appeared in the left upper back. The negative area around the precordial minimum extended into the positive area located on the presternal region and caused an indentation of negative potential area. This site of indentation became a "less positive area" afterward (188 and 240 msec). Type A maps were generally characterized by a persistence of the precordial minimum, which was initially observed at 40 msec after the J point, until its negativity decreased and until it became less negative than the subsequent minimum that appeared in a different position. Eight patients had postexercise ST-T maps of type A, and all had single-vessel disease of the LAD. The postexercise isopotential maps of the other seven patients having type A are shown in Figure 4 . Only those maps at the time when the precordial minimum became less negative than the subsequent minimum are displayed. A closed circle indicates the site of the minimum at 40 msec after the J point. Until the time of the displayed map, the precordial minimum stayed at the same site or moved only to the neighboring electrode site in each patient. LCx, respectively. The T map abnormality at rest of our patient 9 corresponded to their type 2, and patient 9 had single-vessel disease of the RCA. In our study, however, an abnormal T map was observed only in one of our 21 patients (5%), a percentage much smaller than the 50% of their study. The difference in the frequency of the abnormal T maps is probably due to the selection of patients. We excluded patients with an abnormal ST-T wave on the ECG at rest because the purpose of our study was to investigate the clinical significance of exercise-induced changes in ST-T maps, whereas Experimental studies9,10 have reported that the sequence of repolarization is from the epicardium to the endocardium because the action potential duration of the endocardial region is longer than that of the epicardial region and because the difference is greater than the conduction time from the endocardium to the epicardium. This factor is considered to be the principal cause of the location of the positive potential area over the left anterior chest throughout the T period in normal subjects.
Postexercise ST-T maps of the patients showed various patterns. With the progression of depolarization, the minimum observed in ST segment period remained in the precordial region in type A, moved inferiorly in type B, and moved to left upper direction and then to the back in type C maps. The relation between the types of postexercise ST-T maps and diseased coronary arteries suggested that ST-T maps, respectively. So long as the ventricular activation sequence does not change, the most important factor that determines the configuration of the T wave is the spatial relation of action potential durations in the ventricles. The regional electric changes with the observed phenomena could be due to either regional prolongation of the action potential duration of the epicardial layer or regional shortening of the action potential duration of the endocardial layer. We think that the latter is a more plausible mechanism because exercise-induced myocardial ischemia occurs mainly in the subendocardium and ischemia has been reported to cause shortening of the action potential duration.'
Clinical Implications
Isopotential maps of the ST-T period after exercise were found to be useful in identifying the diseased coronary artery in our study population. Clearly, the present results cannot be applied to patients in general because the study group consisted of highly selected patients with a positive exercise test, single-vessel disease, and normal ST-T waves on the resting ECG. Further study will be required to clarify the significance of ST-T maps after exercise for the detection of the site of myocardial ischemia in patients having multivessel disease or ST-T abnormalities at rest.
